Abstract
Introduction
During the past 4 decades, the prevalence of obesity worldwide has surpassed the prevalence of underweight [1] . The increase in obesity prevalence is of great public health concern, as obesity and weight gain are independently associated with several negative health outcomes such as higher all-cause and cause-specific mortality, increased risk of cardiovascular disease, diabetes, and several types of cancer [2] [3] [4] [5] [6] [7] [8] . Long-term obesity (referred to as obesity duration) has also been associated with an increased risk of diabetes and obesity-related cancers [9, 10] . However, factors associated with weight gain and obesity duration, and the interplay between these, are less clear. To date, most studies of factors associated with body weight have been cross-sectional; however, to understand the increasing trends of obesity we also need to study factors associated with body weight development, and then a longitudinal study design with individual-level data is preferred. The latest regional health examination in Norway reported a prevalence of obesity of 23.1% in women in [2006] [2007] [2008] , which was a 10% point increase when compared with data from 1984-1986 [11] . In addition, Statistics Norway conducts a survey on living conditions every 3 years in a representative sample of inhabitants in Norway aged 16 years or older. Since 1998, the self-reported prevalence of obesity has increased in both women and men in Norway and reached 11% in women in 2015. Although there are differences in obesity prevalence according to age groups, region, rural/urban settlements, and reporting method (selfreport or examination), the prevalence and increasing trends in obesity demonstrate that weight gain and obesity are major public health problems also in Norway. A deeper understanding of weight development and its underlying factors in various populations is needed to implement effective public health actions that could help control the obesity epidemic. In the present study, we assessed anthropometrics as well as sociodemographic, reproductive and lifestyle factors and the association with high weight gain and obesity duration. Additionally, we described short-term weight change and long-term BMI status among Norwegian women.
Material and Methods

Study Design, Participants, and Subcohorts
The Norwegian Women and Cancer (NOWAC) study is a nationally representative, population-based cohort study initiated in 1991. Women in NOWAC were randomly sampled from the Norwegian Central Population Register, which includes all Norwegian inhabitants. Details on the design, material, and procedures of the NOWAC study have been described elsewhere [12] . The NOWAC study was approved by The Regional Committee for Medical Research Ethics and The Norwegian Data Inspectorate, and all women provided written informed consent.
89,749 women, who returned a baseline questionnaire (Q1) and a follow-up questionnaire (Q2) 5-8 years later, were considered eligible for inclusion. Of these, 47,526 additionally returned a second follow-up questionnaire (Q3) 5-8 years after Q2. Women who returned Q2 were younger, weighed less, and were less likely to use hormone therapy (HT), compared to women who only returned Q1. Moreover, women who returned Q3 were also younger, weighed less, were less likely to use HT, and, further, had more years of education and were more likely to use oral contraceptives (OC), compared to women who only returned Q2.
We excluded 4 women with implausible values of weight (<30 or >200 kg) or height (<100 or >230 cm) in any of the questionnaires and women who had missing values of weight or height at Q1 or Q2 (n = 3,429). Women with missing information on important covariates at baseline (n = 19,698) were also excluded. Thus, our final analytical sample consisted of 66,618 women aged 34-70 years at baseline. Analyses of i) weight change and high weight gain and ii) duration of BMI status and obesity duration were carried out in subcohorts of the final analytical sample. In analyses of weight change and high weight gain, we excluded an additional 5,707 women with missing follow-up information on physical activity. There were no women with missing follow-up information on smoking status and menopausal status, which together with physical activity were the important transition factors. For analyses of duration of BMI status and obesity duration we excluded women who did not return Q3 (n = 30,990) or had missing information on weight or height in Q3 (n = 1,175) ( fig. 1 ).
Outcome Measures and Covariates
Body weight change is commonly measured by either weight change in kilograms or BMI change, as BMI is a reasonably good measure of adiposity on a population level [13] . However, adults with stable height tend to follow upward weight trajectories, leading to increases in BMI until they reach the oldest age categories, when height decreases [14] . Weight change in kilograms tends to capture increases in fat mass more precisely than BMI change [13] and is also a more intuitive concept that can be communicated more effectively in public health recommendations. In order to capture short-term weight gain as long-term weight gain is more prone to weight cycling, we used self-reported weight from Q1 and Q2 to calculate weight change in kg. Weight change was categorized into five groups: weight loss <-2 kg), stable weight (-2 to <2 kg), low weight gain (2 to <5 kg), moderate weight gain (5 to <10 kg), or high weight gain ( ≥ 10 kg). The average absolute weight change was calculated by subtracting the weight in Q1 from the weight in Q2, and the average annual weight change was calculated by dividing the absolute weight change by years of follow-up time between Q1 and Q2. BMI was calculated as self-reported weight in kilograms divided by the square of self-reported height in meters and categorized according to the World Health Organization definition [15] : underweight (BMI < 18.5 kg/m 2 ), normal weight (BMI 18.5 to <25 kg/m 2 ), overweight (BMI 25 to <30 kg/m 2 ), or obesity (BMI ≥ 30 kg/m 2 ). Duration of BMI status was defined as women who maintained in the same BMI category in Q1, Q2, and Q3. Thus, obesity duration is defined as women who maintained in the obesity category in all three questionnaires.
Potential factors associated with the outcomes were selected based on a priori knowledge and, unless stated, extracted from Q1. In the multivariable analyses we assessed sociodemographic factors such as age (5-year increments) and education (<10 years / 10-12 years / >12 years). Lifestyle factors assessed were physical activity level based on an ordinal scale of 1-10 and collapsed into three categories: low ( ≤ 4), moderate (5-6), or high ( ≥ 7), smoking status (never/former/current) and alcohol intake ( ≤ median / >median g/day). Further, we assessed reproductive factors such as menopausal status (pre-/peri-/post- menopausal/unknown) as per definition in the Million Women Study [16] , age at menarche ( ≤ median / >median), parity (nulliparous / 1-2 children / ≥ 3 or more children), OC use (never/ever), and HT use (never/ former/current). In addition, for analyses of weight change we assessed BMI status at baseline (underweight / normal weight / overweight / obesity) and the transition factors from Q1 to Q2: i) physical activity level (no change / increase / decrease), ii) smoking status (no change / restart / cessation) with the small number of smoking initiators (n = 63) merged together with 'no change', and iii) menopausal status (no or unknown transition to menopause / transition to menopause).
Statistical Analyses
Characteristics of weight change and duration of BMI status were assessed using chi-square tests for categorical variables and one-way ANOVA or the Kruskal-Wallis test for continuous variables. We used multivariable logistic regressions to assess factor's association with high weight gain and obesity duration. The regression models were built according to the 'purposeful selection' approach [17] . Briefly, we performed univariable regressions for each covariate and included those significant at a 20% level in the multivariable model (the full model). Next, we excluded covariates that were no longer significant in the full model using Wald statistics. Log-likelihood tests were performed to compare goodness of fit between the reduced model and the full model. Finally, we tested for biological plausible interactions. The reduced final model is presented in tables 4 and 5, with the excluded covariates presented in the footnotes. All statistical analyses were performed using STATA version 14.0 (Stata Corp., College Station, TX, USA).
Results
Weight Change and Long-Term BMI Status
In total, 60,911 women were included in the weight change analyses: mean ± standard deviation (SD) age, weight and BMI was 46.1 ± 8.1 years, 65.5 ±10.7 kg and 23.6 ± 3.6 kg/m 2 , respectively. The average follow-up time from Q1 to Q2 was 6.5 ± 0.8 years and did not differ substantially across weight change categories. Compared to other weight change categories, women who experienced high weight gain were younger, taller, more likely to be current smokers, premenopausal, nulliparous, ever users of OC and never users of HT ( table 1 ) . Moreover, between Q1 and Q2, they were more likely to stop smoking, decrease their physical activity level and transition to menopause. Women who lost weight were older, more likely to be overweight or have obesity, had lower education, lower physical activity level, lower alcohol intake, and were more likely to be former smokers, compared with the other weight change categories. Further, they were more likely to be postmenopausal, have three or more children, never use OC, use HT, increase their physical activity level, and restart smoking between Q1 and Q2. Overall, 28.4% of women reported stable weight (-2 to <2 kg), while 62.3% reported weight gain ( ≥ 2 kg), and 9.4% reported weight loss (<-2 kg). Women gained on average 3.1 kg between Q1 and Q2 (95 %confidence interval (CI): 2.0-3.1), which equals an average of 0.5 kg per follow-up year (95% CI 0.5-0.5 kg) ( table 2 ). Young women (34-40 years) gained the most weight (0.6 kg/year, 95% CI 0.6-0.6), while old women (61-70 years) gained the least weight (0.1 kg/year, 95% CI 0.1-0.1).
34,453 women were included in the analysis of BMI status duration from Q1, Q2, and Q3. The average follow-up time between Q1 and Q3 was 13.1 ± 0.3 years. Compared to the other BMI duration categories, women that maintained in obesity had lower education, lower physical activity level, lower alcohol intake, and were more likely to be postmenopausal, report lower age at menarche than median, and never use OC ( table 3 ) . Women who maintained in the normal-weight category were taller, had higher education, higher physical activity level, higher alcohol intake, and were more likely to be premenopausal and more often use OC than women in the other BMI duration categories. Over the 13-year study period (Q1-Q3), most women maintained in the normal-weight category (46.4%), while 8.7% maintained in the overweight, 3.5% in the obesity, and 0.5% in the underweight category. Moreover, 40.9% changed their BMI status between questionnaires. Of these women, 79.8% changed to a higher BMI category, 6.2% changed to a lower BMI category, and 14% cycled (data not shown).
Factors Associated with High Weight Gain and Obesity Duration
Smoking cessation displayed the strongest association with high weight gain, when compared to women in stable weight. Women who stopped smoking between Q1 and Q2 had more than four-fold higher odds of high weight gain (cessation vs. no change, OR = 4.39, 95% CI:3.91-4.94). Physical activity was also strongly associated with high weight gain, both the physical activity level in Q1 (high vs. low, OR = 0.30, 95% CI 0.27-0.33) and a decrease in physical activity level between Q1 and Q2 (decrease vs. no change, OR = 2.40, 95% CI 2.21-2.61). Further, already having obesity in Q1 was associated with a two-fold increase in odds of high weight gain (obesity vs. normal weight, OR = 2.06, 95% CI 1.80-2.35). Other factors significantly associated with high weight gain were being premenopausal which increased the odds of high weight gain, while young age, high education, being a current smoker, higher than median alcohol intake, and higher than median age at menarche decreased the odds of high weight gain ( table 4 ) . a The average absolute weight change was calculated by subtracting the weight in Q1 from the weight in Q2, and the average annual weight change was calculated by dividing the absolute weight change by years of follow-up time between Q1 and Q2.
b Overall differences between age groups were significant for absolute and annual weight change (p < 0.001).
Low physical activity level displayed the strongest association with maintaining in obesity compared to maintaining normal weight from Q1 to Q3 (high vs. low, OR = 0.17, 95% CI 0.14-0.20). Higher than median age at menarche also decreased the odds of obesity duration (over median vs. median or under median, OR = 0.36, 95% CI 0.31-0.41) as well as high education (>12 years vs. <10 years, OR = 0.44, 95% CI 0.37-0.51). In addition, being a current smoker, higher than median alcohol intake, ever use of OC significantly decreased the odds of obesity duration, while older age and being nulliparous significantly increased the odds of obesity duration ( table 5 ). We found no evidence of biological plausible interactions for any of the models. 
Discussion
In the present study, we have described short-term weight change and long-term BMI status and identified factors associated with high weight gain and obesity duration in a representative, population-based Norwegian female cohort. Our results show that the mean adult body weight in Norwegian women increased during the study period and that younger women gained more weight than older, which is in accordance with other studies [18] [19] [20] [21] . It is challenging to compare the mean annual weight change between studies, as population age distribution and follow-up time may differ considerably. A longer follow-up time and older population will result in a lower mean annual weight change, and vice versa. In accordance with our results, The Australian Longitudinal Study on Women's Health also reported an average annual weight gain of 0.5 kg with comparable follow-up time and mean population age [22] . Several lifestyle factors were significantly associated with high weight gain and obesity duration. Physical activity and smoking were the strongest lifestyle factors associated with high weight gain which is in agreement with findings from the Tromsø Study [23] . Low physical activity displayed the single strongest association with obesity duration, and a decrease in physical activity increased the odds of high weight gain more than two-fold. In the literature, the association between physical activity and prevention of weight gain has been inconsistent [20, 22, 24, 25] , although there is strong agreement that physical activity can prevent obesity and lead to weight loss and other health benefits [26] . The relationship between smoking and the studied outcomes was complex, since it both increased and decreased the odds depending on smoking status or transition. Current smoking decreased the odds of obesity duration and high weight gain. However, smoking cessation between Q1 and Q2 displayed the strongest association with high weight gain, with four-fold increased odds, compared to women who did not change their smoking status. Smoking is associated with increased metabolic rate, decreased metabolic efficiency, and reduced appetite, but there are uncertainties regarding the effect of smoking on weight control [27] . On the other hand, cross-sectional studies have shown that heavy smoking is positively related to BMI [28, 29] . Smoking cessation is a well-established determinant of weight gain [27] , and our result that smoking cessation was strongly correlated with weight gain is in accordance with those of other studies [22, 24] . The possibility of gaining weight can hamper the motivation to quit smoking, which is worrying, since smoking increases the risk of cardiovascular disease and cancer [30] . However, immediate weight gain after smoking cessation tends to attenuate [24] , and smoking cessation should always be recommended regardless of any possible short-term weight gain. The factor with the third strongest association with high weight gain was already having obesity. Among the other factors significantly associated with high weight gain, only alcohol intake was a modifiable factor. Other prospective studies have found similar results that alcohol intake was negatively associated with weight gain [20, 22, 23, 31] . However, alcohol intake is not an effective weight control measure and is associated with other negative health outcomes, such as increased risk of certain types of cancer [32] . To the best of our knowledge, there are no other studies on factors associated with obesity duration (here defined as long-term obesity) with detailed information on sociodemographic, reproductive, and lifestyle factors. Thus, it is difficult to compare our results on factors associated with obesity duration with others in the literature.
The main strength of our study is that it includes a large, representative, populationbased sample of Norwegian women. The comprehensive questionnaires enabled us to control for several covariates, and our longitudinal study design allowed us to use repeated measurements for outcome measures and transition covariates such as smoking, physical activity, and menopausal status. The importance of including transition variables in studies of weight change is exemplified in this study by smoking, as being a current smoker went from increasing to decreasing the odds of high weight gain after adjustment for smoking cessation. To the best of our knowledge, there has been no previous assessment of the average annual increase in body weight in a representative sample of women in middle adulthood in Norway. Nevertheless, this study has several limitations. Height and weight were self-reported, and there is a well-established tendency to underestimate height and weight, which increases with age and BMI [33] . A validation study of BMI in NOWAC was recently conducted and showed substantial agreement between self-reports and objective measurements values, although greater misclassification due to underreporting was observed in women with overweight and obesity [34] . Further, the physical activity scale in NOWAC was recently validated against a sensor that monitored heart rate and movement, showing a significant agreement but only moderate Spearman's rank correlation coefficients (0.36-0.46, p < 0.001) [35] . We had to omit total energy intake from the analyses as the food frequency questionnaire was not provided to all participants in this study, leading to a large amount of missing data, and because of known biases with respect to obesity [36] . However, the actual weight change could function as a proxy for positive energy imbalance in our weight change analyses.
In summary, over a period of 6 years of follow-up, women in middle adulthood gained on average 0.5 kg per year, and the largest increase in weight was among younger women. During 13 years of follow-up, 3.5% of women maintained in the obesity category. Lifestyle factors such as smoking cessation, physical activity decrease, and already having overweight and obesity were strongly associated with high weight gain. While for obesity duration, low physical activity, higher than median age at menarche, and less than 10 years of education displayed the strongest associations. Accordingly, physical activity can contribute considerably to the prevention of adverse weight development among Norwegian women in middle adulthood.
